The cast AlSi7Mg alloy prepared using different modifier was studied. The main factor influencing fatigue properties were the casting defects. Using metallography and statistical approach, Larger Extreme Value Distribution (LEVD) theory, the structure and the porosity were evaluated. According to the largest defects sizes prediction fatigue tests were performed. Fatigue cracks were initiated on the casting defects present on the specimen free surface or just below the surface identified using SEM. Specimens fatigue life was influenced by the size of the defect in the initiation place and the number of initiation places. The specimens fatigue behaviour corresponded with the assumptions according to the LEVD.
Introduction
Cast aluminum alloys are increasingly used in the automotive industry due to their excellent castability, corrosion resistance, and especially their high strength-to-weight ratio. Their application for cast components subjected to dynamic loading has motivated considerable interest on the fatigue behavior of cast Al-Si alloys. Besides the microstructural characteristics, fatigue strength of cast aluminum components heavily depends on the casting defects formed during solidification because they favor fatigue crack initiation due to high local stress concentration [1] . The fatigue properties of Al-Si alloys are influenced besides the porosity also by the structural features like the dendrites fineness, intermetallic phases and the materials heat treatment [2] . In the case of the presence of the casting defects the influence of the structural features play just a minor role [3, 4, 5] . The defects often result in poor mechanical properties including limited strength and ductility, variable fracture toughness, irregular crack initiation and crack propagation characteristics, potentially accompanied by a lack of pressure tightness [6] . The effect of porosity on fatigue life has been summarized as follows: pores reduce the time for crack initiation by creating a high stress concentration in the material adjacent to the pores; because of this, most of the fatigue life is spent in crack growth [7] . There exists a critical defect size, [3] , (in Sr modified cast A356 alloy, the critical defect size is in the range of 25-50 μm) for fatigue crack initiation, below which the fatigue crack initiates from other intrinsic initiators such as eutectic particles and slip bands. DOI In this contribution the influence of the porosity on the fatigue behavior of cast AlSi7Mg alloys is studied. The used specimens were prepared using different modifiers and casting process. From the obtained bars the specimens for the metallographic evaluation, and also the porosity evaluation using the metallographic methods, and the specimens for the fatigue tests were prepared. After the porosity evaluation according to the Largest Extreme Value Distribution (LEVD) theory [8] the fatigue tests were planed and performed. The fatigue fracture surfaces of the specimens broken during the fatigue tests were examined using SEM and the fatigue crack initiation places were identified. At the end all the obtained results were confronted and the relations between them were found.
Experimental material(s) and methods
As the experiment material the cast AlSi7Mg alloy in this study was used. The studied specimens were mould casted in the shape of bars. From each bar, the metallographic specimens and the smooth 6 diameter specimens for the rotating bending fatigue test were prepared. The casted specimens were divided into 6 batches, according to the casting process and used modifier, see Table 1 . For each batch five bars were cast. [1, 8, 9, 10] . In this contribution, the most used [8, 11] the area 1/2 and the maximum Ferret diameter as the defects size describing values were used. The Murakami's approach is based on the evaluation of the largest defect size on the field of view. In this method a number, n, of separated regions (control areas), each with the same area S 0 of the selected image magnification, are chosen on the polished surface of metallographic sections, and the equivalent size, area 1/2 , of the largest pore within each region is recorded. The result is a set of n observations of maximum sizes area 1/2 and the Gumbel distribution [8] is fitted to these data. Under the Gumbel distribution the points are expected to lie close to the line. The fitted distribution is then used to estimate the size of the largest defect size in a given region S larger than the control area S 0 , through the return period T = S/S 0 , or to compare largest defects from control areas of different sizes. Because of the influence of the casting defects on the fatigue crack initiation and growth, this prediction can be used in planning the fatigue test conditions of the specimens. The rotating bending fatigue tests, with the 50 Hz frequency and R = -1, were performed. The stress amplitudes of the tests were in the range from 80 to 20 MPa. After the specimens failure the fatigue surfaces were examined using the Scanning Electron Microscope (SEM) to identify and count the fatigue crack initiation places. All the obtained results were at the end compared and their dependence and mutual influences were discussed. In the specimens microstructure almost in all the cases the large amount of casting defects was observed. In all the cases, except the batch 7, only the microshrinkage pores were present. In the specimens from the batch 7, because of the gassing of the liquid metal before the casting, the large gas pores and just a small amount of microshrinkage pores with the size smaller compare to the gas pores were present. The microshrinkage pores created during the solidification process are complicated in the shape and are located in the interdendritic location near the dendrites, Fig. 1b . The microshrinkage pores are observed on the metallographic cross section in clusters consisting from larger and smaller microshrinkage pores which can be just cut branches of one bigger shrinkage pore. The gas pores are present in the castings because of the gas saturation of the melted metal during the casting process. The gas pores are rounded in the shape and they are almost always present in the casting individually, Fig. 1c . In general, the gas pores should be less dangerous, in term of the fatigue crack initiation, compare to the microshrinkages [12, 13] . The arrangement of the casting defects was evaluated on the specimen's macrographs shown on Fig. 2 . In the case of the specimens from the batches 2 and 6 the microshrinkage pores were present in the entire specimen surface, also on the specimens' free surfaces and close to them, Fig. 2a . In the case of the specimens from the batches 3, 4 and 5 only the small amount of defects was observed, Fig. 2b . The gas pores present in the specimens from the batch 7 were like in the case of the defects in the specimens from the batches 2 and 6 arranged in all the specimens' cross section and also in the fatigue crack critical localities -on the specimens' free surfaces and close to the specimens' free surfaces, Fig. 2c . Even though the intermetallic phases can have a negative influence on the material properties and can be the initiating places for the fatigue cracks. In this case, the size and the amount of the present intermetallic phases was not sufficient to act as the fatigue crack initiators and so as the main factor for the fatigue properties decreasing the casting defects were identified. The size and the amount of the present defects were much larger compare to the present intermetallic phases.
The largest defect size prediction
The porosity of the specimens was evaluated on the light optical microscope Neophot 32 using the image analysis program NIS Elements 3.0. The used magnification was 50 x and the inspected area size was S 0 = 1.62 mm 2 . The largest defects were described by two different sizes the area 1/2 and the max. Ferret diameter sizes. The measured values are plotted to the LEVD graphs of Fig. 4 . Scatter of the fatigue data is typical of cast Al-Si alloys. When the number of specimens is limited, the plot describing the largest pore sizes for the individual batches of Fig. 4 can be used to in planning the fatigue experiments. When the slope value is high the fatigue behavior of the material should be less scattered, when the slope value is low the fatigue scatter is large. For predicting the expected largest pore sizes in specimens, the data of Fig. 4 were extrapolated to the area S = 10 mm 2 (the most stressed area of the specimens for the rotating bending fatigue tests) which is typical for small castings and the results are given in Table 2 . In all the cases the predicted largest defect sizes are larger than the critical defect size for the preferential initiation of the fatigue crack (20 -50 μm, [3] ). In this case, the fatigue cracks will be initiated on the casting defects and the structural features will have just minor effect on the fatigue crack initiation. Smaller defects sizes (i.e. area 1/2 ) for the area S = 10 mm 2 were predicted for the specimens from the batches 4 (cast after the modification sodium salts and degassing by N during 10 min.) and 5 (cast after the subsiding of the modification effect of Na salts and degassing). Larger defects sizes were predicted for the specimens from the batches 3 (cast after the subsiding of the modification effect of Na) and 6 (cast after the modification by Sr). The largest defects sizes area 1/2 for the area S = 10 mm 2 were predicted for the specimens from the batches 2 (cast after the modification by pure Na) and 7 (cast after the modification by Sr and gassing by the Begaser tablets). In the case of the defects description by the max. Ferret diameter values the trend predicted results is the same as in the case of the area 1/2 predictions ( Table 2 ).
Fatigue tests
The fatigue behavior was expected to correlate with the defect size of the predictions of Table 2 . Therefore, the fatigue behavior of the specimens from the batches 4 and 5 was expected to be the best, followed by the batches 3 and 6 and the worst being the batches 2 and 7. Stress amplitudes applied to the specimens were relatively high (60 -80 MPa) for batches with the small predicted defects sizes and low (40 -20 MPa) for batches with expected large defects. tests results shown in the Table 3 it is possible to compare the influence of the used modifier (Table 1) on the fatigue behavior of tested batches. In the case of the specimens tested on the same stress level, it is possible to compare also the influence of the predicted largest defect size ( Table 2 ) on the reached number of cycles to failure (N f ). 4C  43  77  5D  43  91  4D  43  102  5C  56  113  4A  56  98  5A  65  133  4E  111  263  5B  74  159  4B  246  657  5E  165  403   6E  123  247  7E  163  292  6D  132  256  7B  187  433  6B  145  272  7C  242  343  6C  160  315  7D  230  352  6A  193  347  7A  248  357 The fatigue tests results show that the best fatigue properties are reached with the specimens of batch 3 (i.e. cast after the subsiding effect of modification by pure Na, Table 1 ). At comparable stress amplitudes, the fatigue lives for batch 5 (cast after the subsiding of the modification effect of sodium salts and degassing) are longer than for batch 4 (cast after the modification by sodium salts and degassing by N during 10 min.). Both batches were prepared using Na as modifier and after degassing and the fatigue behavior follows the expectation based on the largest pore sizes, Table 2 .
The influence of the type of modifier did not influence significantly the fatigue behavior: batch 2 (cast after the modification by pure Na) and batch 7 (and cast after the modification by Sr and gassing by the Begaser tablets) have comparable results. This observation agrees with the comparable predicted largest defects sizes according to the LEVD theory, Table 2 . Even the shape of defect, i.e. ramified (microshrinkage) or round (pore), apparently does not influence markedly the fatigue crack initiation. Finally, the fatigue behavior of the specimens cast after the modification by Sr (batch 6) is highly scattered and the pore size predictions were not successful in guiding the fatigue test planning. There is probably some additional factor besides porosity that affects the fatigue behavior. 
Fractographic analysis of the fatigue fracture surfaces
After the fatigue tests due to the initiation places identification the fracture surfaces of the broken specimens on the SEM VEGA Tescan were examined. Because of the casting process the defects on the fracture surfaces were found. The defects were present in the entire broken surface of the specimens and also on the specimens' free surface. Defects located on the specimen's free surface and close to the specimen's free surface were in the case of the rotating bending loading the initiating places for the fatigue cracks what is in agreement with [13, 14, 15, 18, 19] . The defects on the surface act like stress concentrators and the defects in the specimens weaken the specimen cross sections. The fracture surfaces of examined specimens consist from the fatigue fracture area and the final fracture area, Fig. 5a . The fatigue fracture area corresponds to the fatigue crack stable growth. The final fracture region corresponds to the unstable crack growth. In the case of the examined specimens the fatigue fracture region is eccentric due to the position and number of the fatigue crack initiation defects. In all the cases the fatigue cracks were initiated on the specimens' free surfaces and in the fatigue cracks initiation places the casting defects were present, Fig. 5b -c . The defects that caused the fatigue crack initiation were compared with the predicted defect sizes identified by the area 1/2 and the max. Ferret diameter sizes. The sizes of the defects observed on the fracture surfaces were larger compare to the predicted values, but the relation was retained, i.e. the defects in the initiation places were smaller in the case of the specimens with smaller predicted largest defect sizes and in case of the specimens with the larger predicted defects size the fatigue crack initiating defects were larger. A dependence of the fatigue life to the number of the fatigue crack initiation places was also found [16] [17] [18] [19] [20] . 
Conclusions
This study was aimed at the evaluation of the influence of the used modifier and the casting process on porosity and fatigue behavior using the casting pore size description of the LEVD theory and a limited number of specimens. The fatigue tests of different batches of cast AlSi7Mg were performed after the metallographic evaluation of the specimens and the detailed study of their porosity. The following conclusions were reached:  microshrinkages were observed in all of the specimens;  in the case of the batch 7 the gas pores originated due to the gassing of the liquid metal before casting;  the fatigue test results correlated to the largest defects sizes predictions, i.e. the fatigue life increased by the predicted largest defects size decreasing for a given stress amplitude;  the best fatigue performance was for the specimens cast after the subsiding effect of the modification by pure Na (batch 3);  the specimens cast after the modification by pure Na (batch 2) and cast after the modification by Sr and gassing by the Begaser tablets (batch 3) had comparable fatigue properties;  the fatigue behavior depends on size, number and position of pores and not on their shape (microshrinkage or gas pore);  although the amount of the tested specimens was limited, the correlation of pore sizes and the fatigue behaviour was confirmed. 
